To investigate associations of the CA microsatellite and rs35767, rs5742612, and rs2288377 polymorphisms and the single nucleotide polymorphism (SNP) haplotypes with and without the CA microsatellite in the IGF1 promoter with insulin sensitivity and secretion.
Background
Type 2 diabetes mellitus (T2DM) is a complex condition of hyperglycemia caused by impaired insulin sensitivity and deficient b cell function [1] . Sets of susceptibility loci involved in the process of insulin sensitivity and/or secretion have been proposed [2] . A meta-analysis conducted by the genome-wide association studies identified two loci associated with fasting insulin and insulin resistance and 16 loci associated with fasting glucose and b cell function [3] . Meanwhile, the genomewide association studies elucidated 60 T2DM-and glycemic trait-related loci [4] . Another more recent study of the association of genetic scores with a range of metabolic measures in up to 18,565 individuals also validated the role of genetic variants as instruments for insulin resistance and secretion [5] .
Insulin-like growth factor 1 (IGF1) has been reported to play important roles in regulating glucose homeostasis and insulin sensitivity [6] . There is evidence that IGF1 gene deletion is associated with reduced insulin sensitivity [7] , and IGF1 treatment results in positive effects on insulin sensitivity [8] [9] [10] . A CA repeat microsatellite located on the 979 bp upstream of IGF1 is often reported to correlate with insulin sensitivity and/ or risk of T2DM. However, there are controversial hypotheses and observations regarding such an association. Some studies suggested a positive association between the CA19 (with 19 CA repeats) allele, which is the most common one, and increased risk of T2DM [11] , whereas other studies observed an opposite association [12] , implying that the microsatellite may not be the sole regulatory unit in the promoter region. Moreover, a recent study of the short-and long-term metabolic response to recombinant human growth hormone (GH) in GH-deficient adults suggested that the impact showed obvious gene specificity and after 1 year of GH, a significant worsening of insulin sensitivity was recorded only in homozygous CA19 repeats subjects [13] . Besides, it has been shown that a functional single-nucleotide polymorphism (SNP), rs35767: T>C (NM 000618.3: c.-1410T>C), was also associated with glucose homeostasis and insulin sensitivity in which carriers of the GG genotype exhibited lower insulin sensitivity and IGF1 concentrations compared with subjects carrying the A allele [14] . In this way, both the microsatellite and SNPs may have functional roles in the regulation of insulin sensitivity and insulin secretion.
In a systematic survey of human variations in the cis-regulatory regions, IGF1 was 1 of the 23 genes that show consistent allelic imbalance, implying that certain functional elements lie within IGF1 regulatory region among individuals [15] . This was confirmed in another study. Chen et al. revealed that there was strong linkage disequilibrium (LD) between the CA microsatellite and SNPs in the promoter of the IGF1 gene, which constituted specific haplotype patterns in the population [16] The Chinese University of Hong Kong, Shatin, Hong Kong SAR, China.</auth-address><titles><title>Haplotype effect in the IGF1 promoter accounts for the association between microsatellite and serum IGF1 concentration</title><secondary-title>Clin Endocrinol (Oxf. As the CA microsatellite and SNPs are in close proximity with each other, and the existence of LD, in this study, we aimed to investigate the role of the CA microsatellite and each SNP in the regulation of insulin sensitivity and insulin secretion and to examine if the microsatellite and SNPs affected each other by functional genetic approaches in this procedure.
Material and Methods

Study subjects
This study included 389 Tianjin native patients of the Han nationality with T2DM, treated in Tianjin Union Medical Center from November 2012 to June 2014. T2DM was defined according to the 1999 clinical practice recommendations by the American Diabetes Association. We excluded individuals with Cushing syndrome, hyperthyroidism, or hypothyroidism; pregnancy; or history of cardiovascular disease or cancer. A simplified questionnaire for sex, age, and family history of T2DM and anthropometrical measurements of body mass index (BMI) was administered by trained nurses to all the participants. Blood samples were collected in the early morning after hospitalization and 8 hours of fasting. Venous blood samples were collected using tubes with coagulant. Participants were then given a standard 75 g oral glucose tolerance test (OGTT) with 60-and 120-min blood samples drawn. Serum glucose, total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL cholesterol), and low-density lipoprotein cholesterol (LDL cholesterol) were measured by enzymatic methods using an automatic biochemical analyzer ARCHITECT CI16000 (Abbott, Abbott Park, Illinois, USA) and a reagent kit provided by Roche, Switzerland. Serum insulin and peptide C concentrations were determined by the electrochemiluminescence method (Cobas e411, Roche, Switzerland) and the matched reagents. Serum levels of IGF1 were measured by the electrochemiluminescence method using Immulite 2000 (Siemens, Germany), with reagents from Diagnostic Products Corp. Hemoglobin A1c (HbA1c) was measured by high performance liquid chromatography using Hb9210 (Premier, China) with the matched reagents.
tagSNPs selection
According to previous studies, the evolutionarily conserved region (ECR) was defined by >75% identity between human and three other species [17, 18] . Three polymorphisms, rs35767: T>C (NM 000618.3: c.-1410T>C), rs5742612: T>C (NM000618.3: c.-705T>C), and rs2288377: T>A (NM 000618.3: c.-603T>A), were selected as tagSNPs, as they covered 100% variance in the ECR of the IGF1 promoter. The SNP information was obtained from the National Center for Biotechnology Information (NCBI) dbSNP. Common haplotype was defined as haplotype with a frequency of >5% in the population.
DNA analysis
Genomic DNA was extracted from blood leukocytes using the High Pure Polymerase Chain Reaction (PCR) Template Preparation Kit (Tiangen Biotech, Beijing, China), according to the protocol of the manufacturer. DNA samples were stored at -80°C until use.
The CA microsatellite of the IGF1 gene located at 979 bp upstream from the transcription start site was determined by PCR and fragment analysis using the ABI-3730XL DNA Sequencer (Applied Biosystems, Foster City, California, USA). PCR primers were 5'-AGAAAACACACTCTGGCACAC-3' and 5'-GCAAAGACTCTGCCGAGCTG-3' (Invitrogen, Shanghai, China). The forward primer was 5' labeled with a fluorescent dye (FAM). The PCR reaction was performed in a final volume of 50 µL containing 10 ng of DNA, 10× PCR buffer 5 μL, 50 mm MgCl 2 1.6 μL, 2 mm dNTPs 4 μL, 5 μm each of the primers 2 μL, and 1.5 units of Platinum® Taq DNA polymerase (Invitrogen Trading, Shanghai, China). The amplified conditions were 95°C/5 min followed by 35 thermal cycles (95°C/30 s, 60°C/30 s, and 72°C/30 s) and a final extension at 72°C/5 min. The length of amplified fragments was determined by GeneScan 3.0 and GeneMapper analysis software (Applied Biosystems, Foster City, California, USA). The fragments ranged in size from 227 to 257 bp, depending on the number of CA repeats.
Genotyping for rs35767, rs5742612, and rs2288377 in the promoter region was done by PCR followed by gene sequencing (ABI-3730XL, Applied Biosystems, Foster City, California, USA). The sequencing results were compared with reference sequences in NCBI. The sequence of forward and reverse primers of the three SNPs was designed according to NCBI. Primers for rs35767 were 5'-TTGGGCACATAGTAGAGCTCAC-3' and 5'-CAAAAGCCCAGAGCAGACAT-3' (405 bp); primers for rs5742612 and rs2288377 were 5' -GGTTTTACAGCTCGGCATAGTC-3' and 5'-TCTGCTGGGCATGAAGACAC-3' (359 bp).
Calculations
The area under the curve (AUC) for insulin and glucose was calculated by the trapezoidal method. The homeostasis model assessment-sensitivity (HOMA-S) index was calculated as 22.5/(fasting insulin×fasting glucose). The homeostasis model assessment-beta (HOMA-B) index was calculated as (20×fast-ing insulin)/(fasting glucose-3.5).
Statistical analysis
Categorical variables were analyzed using a c 2 test. For intergroup comparisons, continuous normal distribution variables were analyzed by analysis of covariance (ANCOVA), general linear model, after adjusting for gender, age, and BMI, and expressed as mean ± standard deviations. Continuous nonnormal distribution variables were analyzed by the KruskalWallis H test and expressed as median (25%, 75%) percentiles. The Hardy-Weinberg equilibriums among the genotypes were in Hardy-Weinberg equilibrium by the c 2 test (all P>0.001). Associations between the CA microsatellite, SNPs, haplotypes of the ECR, and continuous traits were estimated by multiple linear regression analysis controlling for gender, age, and BMI, and expressed as b and SE per allele, with non-normal distribution variables log-transformed first. The analysis was conducted according to both an additive and a dominant genetic model. All statistical analyses were performed according to SPSS 19.0 software. A two-sided P<0.05 was considered as statistically significant.
Ethics
The protocol for this study was compatible with the local ethical guidelines. The study was approved by the Academic Committees in Tianjin Union Medical Center. Informed consent was obtained from all patients.
Results
The study included 389 patients with T2DM. Clinical characteristics according to the CA microsatellite, SNPs, and haplotypes of the ECR by ANCOVA and associations of the CA microsatellite, SNPs, and haplotypes with continuous traits by multiple linear regression analysis are shown in Tables 1-6 separately.
CA microsatellite
We compared other genotypes with the CA19/CA19 homozygote as it is the most common one. The CA microsatellite genotype did not show any significant association with gender, family history of T2DM, anthropometric or metabolic parameters, or IGF1 levels. However, we observed a significant difference in age, total cholesterol, and LDL cholesterol among subjects with different CA microsatellites. The linear regression analysis found no significant contribution of the CA microsatellite to metabolic parameters, after adjusting for gender, age, and BMI ( T2DM -type 2 diabetes mellitus; IGF1 -insulin like growth factor 1; CA -cytosine-adenosine; BMI -body mass index; OGTT -oral glucose tolerance test; HDL-cholesterol -high-density lipoprotein cholesterol; LDL-cholesterol -low-density lipoprotein cholesterol; HbA1c -hemoglobin A1c; AUC -area under the curve; HOMA-S -homeostasis model assessment-sensitivity; HOMA-B -homeostasis model assessment-beta. a Log-transformed before multiple linear regression analysis. 
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rs35767
No significant rs35767 genotype-related differences in gender, age, family history of T2DM, or anthropometric or metabolic parameters were observed, nor in IGF1 level. However, the CC homozygote subjects exhibited higher levels of total cholesterol and LDL cholesterol than the CT/TT carriers. The linear regression analysis showed no significant correlation of metabolic parameters with rs35767 polymorphism (Table 2 ).
rs5742612
Subjects with the rs5742612 genotypes showed significantly different BMI, total cholesterol, and LDL cholesterol, but no significant differences in gender, age, or family history of T2DM. Additionally, a significant difference between the TT and CT/CC genotypes was observed in fasting insulin (10. (Table 5) .
SNP&CA haplotype
Four common haplotypes were compared in our study. We observed a significant difference in BMI, total cholesterol, and LDL cholesterol among subjects with different SNP&CA haplotypes. However, there were no significant SNP&CA haplotyperelated differences in gender, age, family history of T2DM, or metabolic parameters, nor in IGF1 level. The linear regression analysis also showed no significant correlation between metabolic parameters and the SNP&CA haplotype (Table 6 ).
Discussion
Diabetes turns up when elevation in insulin secretion is insufficient to overcome tissue insulin resistance. Insulin resistance is thought to result mainly from environmental factors, such as obesity. However, there is compelling evidence that both insulin sensitivity and insulin secretion also have a genetic component [19] . IGF1 is a growth factor of significant homology with insulin and has been widely reported to elevate insulin sensitivity [20] [21] [22] . The gene coding IGF1 is the IGF1 gene (NG 011713.1GI: 225735562), the CA microsatellite and SNPs of which have been reported to play different roles in insulin sensitivity and insulin secretion. In our present study, we investigated the relationship of the CA microsatellite, three SNPs, and for the first time, the SNP with or without the CA haplotype in the ECR of the IGF1 promoter with insulin sensitivity and insulin secretion. Multiple regression showed no statistical contribution to insulin sensitivity or insulin secretion of different CA microsatellite or rs35767 polymorphisms, nor of the SNP haplotype only or the SNP with CA microsatellite haplotype. We also confirmed that the rs5742612 and rs2288377 polymorphisms were associated with insulin sensitivity and insulin secretion, with carriers of the TT genotype exhibiting higher insulin sensitivity and lower insulin secretion, respectively, independent of gender, age, and BMI. However, correlation of the studied microsatellite, SNPs, and haplotypes with circulating IGF1 concentration was observed only in the SNP haplotype without the CA microsatellite.
Studies for correlation of the CA microsatellite with risk of type 2 diabetes and insulin sensitivity have led to controversial conclusions. Prior studies examining the role of the CA microsatellite in IGF1 regarding predisposition to common human disease have found the variant inconsistently, with the same allele associated with high [12] and low [23] risk of T2DM, respectively. Different from the CA microsatellite, research on the SNPs came to a consistent conclusion. A recent meta-analysis of a genome-wide association study of b cell function and insulin resistance in an East Asian population showed weak association between the rs35767 polymorphisms and insulin resistance with 0.009 HOMA-IR rise per G allele [24] , while a previous meta-analysis revealed a 0.010 pmol/L per G allele increase in fasting insulin level [3] . Similarly, Mannino et al. proposed that the rs35767 was associated with circulating insulin sensitivity and IGF1 levels, with carriers of the GG genotype exhibiting lower insulin sensitivity and IGF1 concentrations compared with subjects carrying the A allele [14] . However, the correlation of the CA microsatellite and rs35767 polymorphisms with insulin sensitivity and secretion was not observed in our research. The inconsistent and opposite findings of association between IGF1 gene variation and insulin sensitivity may be due to a number of factors [23] . Differences in environmental factors may contribute to the inconsistent findings, in particular in relation to the selection of study subjects and their demographic, clinical, and metabolic characteristics [25] .
In addition, we observed a significant association of metabolic parameters with the rs5742612 and rs2288377 polymorphisms for the first time. Carriers of the TT genotype exhibited higher insulin sensitivity and lower insulin secretion and insulin and peptide C levels during OGTT compared with subjects carrying the C allele and A allele, respectively. In the linear regression analysis, the rs5742612 donated 0.131 HOMA-S reductions and 0.099 HOMA-B rises per C allele, and the rs2288377 polymorphism donated 0.159 HOMA-S reductions and 0.143 HOMA-B rises per A allele, respectively, independently of age, gender, and BMI. However, no significant association was found between the rs5742612 or rs2288377 polymorphisms and serum IGF1 levels, glucose tolerance, or HbA1c levels. We presumed that the associations of the rs5742612 and rs2288377 SNPs with insulin sensitivity and insulin secretion might be attributed to the direct functional roles of the two loci or be mediated by circulating IGF1. The first hypothesis is that these SNPs might tag other variants in the IGF1 gene associated with insulin sensitivity and b cell function. In a recent study, the investigators revealed plenty of rare variants associated with fasting insulin levels that had not been previously described, by further study of the IGF1 gene [26] . Examination showed that the variants were located near the DNAseI hypersensitive sites and FOXA1 binding sites, indicating that they might have direct function because FOXA1 is a major transcriptional regulator factor in glucose homeostasis and insulin metabolism [27, 28] . The rs5742612 and rs2288377 SNPs might tag these variants and have direct function in insulin secretion and glucose homeostasis. Alternatively, the associations may be mediated by circulating IGF1. Low circulating IGF1 levels may result in GH over-secretion by negative feedback on the pituitary and/or hypothalamus [29] . Thereby, inactivation of GH in liver IGF1-deficient mice resulted in decreased blood glucose and increased insulin sensitivity [29] . These results suggest that enhanced GH secretion may be a major mediator of low insulin sensitivity in subjects with low circulating IGF1 levels. To solve this confusion, we investigated the association of SNP-only and SNP with CA haplotypes with insulin sensitivity and secretion for the first time, but no significant difference was observed. However, we did observe that the SNP-only haplotype was associated with circulating IGF1 levels. This potentially can exclude the possibility that the functional role of IGF1 SNP loci was mediated by circulating IGF1, nor was it mediated by interaction with the CA microsatellite. It is likely that the difference was attributable to the direct functional roles of the two loci. However, the precise molecular mechanism of the effect on insulin sensitivity and secretion by these gene polymorphisms requires further investigations.
There were some limitations in our study. Due to the limitations of the cross-sectional study itself, we couldn't come to a causative conclusion. Studies in human cell culture and animal models will be needed to validate the function of these noncoding variants in insulin biology. Moreover, the b values were small, which indicated our study could only explain a small portion of the insulin biology variation. Finally, our results were based on the Han Chinese; further studies are needed to validate the conclusion in other races.
Conclusions
In conclusion, our study has identified the association of the CA microsatellite and rs35767 polymorphisms and for the first time, the rs5742612 and rs2288377 polymorphisms and SNP haplotypes in the ECR of the IGF1 promoter with insulin sensitivity and secretion. There was no CA microsatellite or 3735 rs35767 genotype-related insulin sensitivity or secretion. The rs5742612 and rs2288377 polymorphisms were significantly associated with insulin sensitivity and insulin secretion, with the TT genotype exhibiting higher insulin sensitivity and lower insulin secretion compared with carriers of the C allele and A allele, respectively. We consider that the correlation is attributable to the direct functional roles of the two loci. Our results have important significance in understanding the correlation of the CA microsatellite and SNPs in the ECR of the IGF1 promoter with insulin biology. Further study incorporating a more systematic approach to identify the molecular mechanisms for the association is needed.
